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(57) Abstract: 



PURPOSE: A device and a 
method for estimating and 
converting illuminating 
chromaticity using cognitive light 
source and highlight are 
provided to exactly estimate and 
convert illuminating chromaticity 
by considering characteristics of 
highlight based on relatively 
stable illuminating chromaticity 
estimated from cognitive light 
source. 

CONSTITUTION: A device for 
estimating and converting 
illuminating chromaticity using 
cognitive light source and 
highlight includes an image 
input part(40) for inputting color 
image, a highlight detecting part 
(41) for extracting highlight 
areas from the input color 
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image, a highlight variable calculating part(42) projecting each highlight area to 
chromaticity coordinate and calculating geometrically expressive variables of shape 
on the chromaticity coordinate, a cognitive light source chromaticity estimating part 
(43) for illuminating chromaticity to the input color image through a cognitive light 
source estimating method, and an adjusted chromaticity calculating part(44) 
selecting geometrically expressive variables around the estimated illuminating 
chromaticity and calculating final iiiuminating chromaticity. 
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2<3 ^£ ^r$l<>fl $1*1 ft ±^^S] 7]i}Vm -tf^JI, <d^€ 7)srft3 ol-g-^H 

3# 31ft*l-fe ^r^^S. Jfl<tW-» iftftcf. 



S^SI* 7lti>AS. Sfjl, Sfole^ole^ n^SVa] ^<g£l- ^Al^l « 0 V^o|cf. 

5. 4 

5.^2) ?>ftft -M^ 

JE 1^ ^^Hl 2) ft 2; 13 ^JE ^^-fr £*lft *f-£o]nf. 

5. 2¥r ^o]^c]s. Sift 2:^ ^M^MI* £*lft *#S.olcf. 

S. 3£- ^S. -$*\}*\ 3]A} g^f. ^#*J-fe 32)-^^- #ft ^Jojcf. 

£. 4*r -H- It^ofl 21ft "a^l^^ «>ol^olS» ol-g-ft^:^ ^£^^121 ^^A]^]el £.A]ft -M-^-JEolcl-. 

£5^* ^-^ofl 21ft ^ H ^Aleflsl ^.g. £A]ft -i-S-5Lo|cf. 

^•Tgoi ^iift 

^21 -E-^l 

#ft 3J°leh 



°J2121 ^ (scene) ^1^1 <0|£«- ^Mj^fe «8-«8£ «|-J=4|o1*- *r-8-*r^r #<tj;4 i«S*1M« *>-8-*rfc # = 
7M1 •JMi.S.S. H-VM*!*}. fti^-IM* ^"§-*l"b ^^21 ^ Sd^r 4M(sensor)# <>l-g-*M 

3.2.3. S r <^, 2^ *^sV^ wJ-fHt}-. 7j ^fto) tiVig, ^SL-f. ftAj-A] 7] 7) 7> <>1 3 

* ft^l ^>21 ft^-A]?)^ ^.^^Ai^. -B-e1*l-i4, ^aHI »1*8 ^-ftoi a-^-ft cf^o] ^cf. n 

(microprocessor) Si iiS?flo|-i- a>^-5)-^ *]5Lq t^^M ^fts]^ ^ 



#21121 7l#ofl S|^, Sg^o]^ ^^.^^ ^t$i>}7} Sftiift 7>o)1efo)l sj-H^flojS. «.7f§Vo1 ^#s>^ « 0 v 

lfl*«rfe i^ft^* ?>^1efofl 4iAl5)-Jl 3. i^c+^cHl tflft AV^-71-21 -U^-S- 71^0.5. i^^- ^SRr f-2l «J-a] o) 
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^331. ^#7]« AHKrfe- ^-71-^0] m=!$o) JjLaVofl o}.s H ].g. tLtJ- sqofl £ S>£^<H°fl 2) $ ^^"Jl 

3t-<>] 7 r ^-S r *l ^7^ -f-ofl/.i <3^H1 dlfe S^]7l- &cf. 2l«fl S^Slfe 2: 

3^. cHrtb 2^ 41«-<sfl ^WWl «fl**r7l 21^^ ^ ^s] s*) ^M-©i «A^7U 

3tt &%°] Sti^. 



ol^tb £*)1"& «fl^*>7l 2)*fl <?j>tf 7H)^.-^-Ei i^Sl ^5L« 3#* r fe B o v, a o l Hsien-Che Lee°fl S)«n *]<$S\oj v]^ 

^ *1] 46850711: (1987. 8. 4$J ^-Sr)°fl 7lH5|oi °1 "Stf Ml2l (scene) «0 *1 7l*^o) «VA> 

51^ «I (specularly reflected light)2l 4]* ^#*><^ n aA r (Kl*J)*rfe «2) ^2t# U^lt}-. °1 

«<HH <3^MH <^S1 7flSl r+s 7].^ ^ ^^^v A]j>a-( hu e)j!l- ^S?-SVfe Afl;£(sat 

uration)* M-Er'-tife <^el ^1-2] ^(set)-g- 3*fl\2.3.^ ^I*^ **|-*rte 3#*rfc 3°1 7 r %- 

^I-Et^, H-7l«(| ^#*V7l <3#-§- qs. 2j-£(chromaticity coordinate)* 7>^1 ^ ^l\°.3. 

&&*}5L, ^^-ol 7 r # #S r 7fl «d*Hr ^ °l 3+. 4 ^^)7> *£3H1 3^ 37flt!*l ^ 

-S-si <=SsH] s]^ ^7)]t!^)l- J P-ts>7) ^sfl. n ^31^21 <» ^*>fl slfe c-floiEl ^(data set)* 4H3*r°<l ^-S 

*Vj1. "S^IM ^€ cflolE] ^^-(data set)J> .S.-!f El a^S) 7l-§-7l7 r Jfl£ofl S)^- ^^S. 

W HH&I ^ (data set) ^^4. ol&|*V ^1)£S) £3H| ^ «• ^Tfl^ ^21 c^S] cflolE| 
tH"(data sets)5.-¥-Ei 3L%^2] ^3.3.^ 



^fidl, Hsien-Che LeeS] 7>^- # ^^l^^r ^r*8 ^^>ol A^^^fe ^°1<4. aq- ^7)]^ cfl e-] o)) x\ <# 

^S] CflolE] ^^Ol %.0)S}7.] ^ 0>U)E}-, ^7)1^ &#3. ^ S-S: ^Til^l-oJlAi <$ cflolE^l- 



Schwartz ^l^M ^-^ ^1549542851(1996. 2. 27<a f-^-)°fl 7H^1€ a d V, a* Hsien-Ch 

e Lee^l ^ 3)- ^-A}^ 7 fl^* 7Vx1ji. Schwartz <S^j- #z\}9\ eliMn^* ^ Jf. ^^f 

21 #El>iEl (cluster) $3. 2)^1* ^^Jl, 3]^cHl aj^^l- 7>f^^l- °!7 r s r o} ^ Aij^s. ^^^0.5. 

^, Hsien-Che LeeS] zi 7fl^ofl 5^ ^^4. ^^u)., ojs. ^- a o v>i]s.o. =-ag « 0 V^<^Ai ^b]^^. 7V^lr}. S 

chwartzS] »o v, a€- ^^1 SIM 3 ^-Jife -B-^5><4 Sfl^oflAi 7$*}^ ^#5.7} S.^o] ^jt, Hsien-Che 
Lee ^Bltfl^" ^1°!^ <He]^- wV^. Sfl^^- i^B) ? V^fV ^©1^. 



ol^l^ H 0 Vi] o. cg^-o.5.«. E ^ ^*1j}.«J.jL ^>Sfl ^^-(self-luminous) "5^* ^Jl^lS Jl^ 

^ 5.?! S}:7.>( sur f aC e reflection)^ ^"^1 ^7.1-(body reflection) S] ^-o.S &m 7}^}3l, &?[ hVaV^ ^ ( s 

pectral composition)^- ^-^^ ^-<g §>c^ji 7>^S>^- ShaferSi o]^^ bYa} (dichromatic reflect 

ion model) °11 ^SlQi^. 



=L&4\, H*]^ ^4-, 33*rfe ^^fe tH^^°l J2.*^M-. ^oj^fe oj 

^ Ml -g- (content) <H1 2)2^0] ^^o] c}-^ o] ^c^. e>ole)-olE « 0 >ai ^ oj ^ ^ofl £l^^o) 

^1 WlS^ 8fl# ^AlsVfe 5^6.1+, 2j#2)<?] Sfl# ^7g§l-7l ^Sfl Cf^2] ^ ^-^^ ^ 

» 7r*lfe H^^»* Jl^Sflo> Si^. 

« 71 #0.3. sl-JL sVolel-oi e.21 s.^^. jls1^-o.s^ ^^-£7V fe^ s«a ^^/^^ ^-^1 « n « 0 »gi- ^fl^-^-* 
o.s ^.4. 
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#7121 ^^a- ^*v7i ash, »i ^cfl ^ >uj £ ^#*i2i ^A)c|fe ^ <£#,§. <a3*m «?nj-«a3-¥-: 

^^S^-El «l-Ol^OlE <3^1"§- ^f8}fe S>olBl-olB #7l A SM^lS. ^oj-g. ^ofl 

if cgSj.0<! ^E #°fl *i*Vfe 2-°<Hl Cfl^J- 7j5]-Sl-^ X^^^l-i- ?ll#SVb S>Ol^olE kM^ ?)|*-?-; #7l % g 

<S#4| ta«n oi^i ^ ^fj-^ofl 2l«fl 2^ qs.* ^*te Sl*l#« 31 #7l 7ls>^ a 

* #7) °1*l#3i 2^51 ^^<H1 Sjsfl ^3 41 £. $^H1 71**2) IL*<3=M~g 

^t}JL, ^«|« 7l**3 i^^^l-ir ol-g-*^ 2^ ^£1: 31**^ ^^51 Til*-?-* i**cf. 



#7l zi°a qs. W&*\sn ^ahhi^ # 7 ) <y*l#^ a^s. *3-¥-fe #7l £* ^#^.£4 3 tfei- <3# 

3] %^&Sr 7)l#*Rr -3# %Z 31*^-; #7l <3#2) Jgtf iW ±^2\ -g-*<*l ^x}3_ ^ * 

¥: *M|tf* £^*1 #7l ^ <3#<>-SL^-El #71 €"3*1» 3^*^ ^ 3+J<** 

<3«l* *fl/1**fe *H111:# °m *)1 #7l 7^1 ## -g-ej*lal- aj^ofl -*§^« 7>*fl^ ^^o] *oi&oi 

sm* a^. #7i <g# jg-g- 3i#-?-°ii <y §j€ *m <?!# fll# ^Hl <3<3<>i ^ <£#.§. ^-a-si^ 

^•3*1 <£3 « XI-JIHW- <|^ol ^7^ <g#2l Jg^^0.5.«-El #7l ol^l Sit!" 2:<3 ^5.* 

31#*fe ^£ 31#-?-» ^1**. 



#7121 *.g- S.^^- ^SV7l 21SV01, ^. ^ofl o^V ^.Tg £*#*121 ^^^Hl^ ojo]^ <y ^ zj-g). ^^-0]) cfl ^ 

°fl tfl**Vfe ^1-^21 71$ t£}^t ^ ^^S>J1^} ^-grS.ofl tfl-g-*^ ^21 S-S S^att ?11#*>^ 

#7>^-Al 7ll#^; #71 CH-21 71$ ^21-Sit-i- ^ #7l Cf^2l 7l $ ^5+^4 <»l-g-*|-<H Sift Tfl^l"* ?fl# 

^^¥1- 



•S- ^ofl Sl* ^S. ^ft#^l2l cl-=. #AH|^#7l 3:^ qs, ^«-#^lSl <a^AHHl^ 3:^21 ^7} 

^ ^#sl Jg^ #71 St ^fteVJi7f si-fe ^<^\ tfl^ Ai5s i=>J!-g- 7il#^ #7] «aaj ^-el- <g#2i r 
GBofl sq-zt c-l^ji, #71 <a^ zJ-eJ- ^#2) cflHl» ft#*>^ #71 ^ft-¥-« cl s^-^-cl-. 



#7121 a s.^^. ^t}7] 2lg>ol, ^ #^o)J 21 ti ^E ^^ M o v, ael 'S'ii^Hfe (a) ^-ef ^#* 

&7$; (b) <a^€ *el- <^^£S.^Ei SWel-ole ^7)1; (c) #71 zl- sfojel-oiE ^ofl 

^ie #°ii fiste 2.^1 en* 7i«i^2i (d> #71 ^ ^#<hi 

cfl*H ^i^l ^^^ofl SlSfl 2:^ AJ| £4 ^^Sl-^ ^711; ^ ( e ) #7l 7l^«h^ S^^^l- $ #7l (d) ^Tflofl 

*1 $^o)i ^i*> 41^^21 7i*v«i^ s^^^-i-* -a^*>Ji, 7is>*i-aj a^^^#-g- ^l-g-^l- 



#71 2:^ Ajji ^^#^2) U-tjAHoflAi #71 (d) (dl) #7l % $ ^A °$^<L3-¥-Z\ ^ -^#2) 

^l#slfe di^l; (d2) #7] ^-el- <g#2l J3-&5M1 4i^2l Tfl^l- tsH 7>afl ^ej^ls. -a^^fe i^^ll; (d3) 
#71 *}el- <§#^s-?-Ei #71 7l*|)## &^^1S ^sl-*l-& 411 s. al-asl:* 7>^1^ 7Mfl#^- <^«-i- ^flTlSl-^ iCfTll; ( 
d4) #7| 7.}%} ## $ej^l2l- al^ofl x}*fl>£% €-^l^sl *H?*°1 St-e.^ "fl^W ^71 <y3£ ^ef 

^#* ^Mfl ^^°i ^iti^ ^hi- ^#^.s. ^^*v^ #7i (di) =i-7fl mxi #7i (d3) -a- Tin- ^^-*>fe ^"a^i; ^ 

(d5) XflTlJg ^-ef <g#2l JgS-SJtO-S.-?-^ #71 «?I^1 iHofl 21* A 4E» 7ll#*>fe i*7ll 
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-tf7|s] S. 4€- ^*l-7l ^. ^ofl s]ifr 2>3 ^5. f^Sl <a^AH]^ ( a ) ojo] o] <y^ ^ ^ 

°fl ^€ 2.<3 ^£<H] cfl-§-SRr ^ £r£§ Tfl^sVfe (b) cfl-§-SRr cK^°J ^ 7 ^ 

S^lr-i- TJl^-sV^ #7)1; ( c ) ^ <sl-JL 4 Sffe- AJ)£-£ofl cfl-g-^ 1+4,0} ^e^f-l- TflAVs^ #7)1; (d) Aj- 7 | 



It^oll 2«3 ^£ •fl-'flaj -gAl<4]^ Aj- 7 | 2 ^ ^£ °JAjAHjo1| (f) 2^2] Aj} £7 ). 

3 0 J3 ^4 ^3 Sg^ ^7l5t ^ ^«Sfal74 €-^^1 tfl-g-# AliH .SLH^-g- 7|]Aj-*M ^ ^oj 

RGB«fl jq-n ^*>j7, aj-71 oj^ cnui* t^j-sl^ 3r*|* cH i^cf. 

^(cluster) #21 j7e}§V^ 4|-¥-*l<U <H* «^SHr 3J*1 7>^S|-t}. 



<?l*l#«-§- ^^S-^E^S] 2>3 d|;£* ^*)S)-SV;n. 7>*11 ^(self-luminous) <^^* 

Alt^ O.S. ^1S]*>^ JL^oIji oV^^j 0.5. 3-^ Ajj^-g. *>a°lcK *rfM ^ (scene) -g- u^t "H. 

*\<L5. ^A]^ Ajj 2 7l- o^c-fl, °1 3 *!■ ^2fe 2^31 4e} 4si M-Ef'd^. ^1^- SHl^fe QtimSLS, IV 

^ ^27f i^^AlJL, (daylight) SHIaI^ ^<gf-^l «ls>oj aj}2.7> ^ ^ 5Uch 0)^ ^©1 o.S - 

^^1- ^)^.*Vfe "o 1 "^^ <yAl#« «J-^s] m^ol ^cf. 



7V*fl^ ^Aj-oflA^ ^fslfe #^1 &&°] oi-qs]- sugjq- ^] 01^5]^ a.^^./.i, ^0} ^z}^ ^^J(ap 

erture) S.^=- 3<3 ^>(specular reflection) «1 °11 Sfl^^. ^1^1^-^^. o]^.*}- S^a« £ ^^hj-^^a^ a>^]^; 

£ l°fl 2l^>^, <y^]^-^^- o)^*V 2.^51 ^# 2}-^^. cf#i4 ^14. 

^.^VA} 121- ^-O] *y ^ "^Aj- RGB(i j) °11 tflSt #<^^-U]2] y JtAj-^- ^><^ A^^^.^ °J 3 <g Aj- RG B_L (i j) # <2 ^ 
4(100, 110 ^Tfl). ^7}A^ ji- <gAj-o] z^- ^.4.0] q-Ej-vflcK 

1 

G_i(v5-G(>j)"' 



24 ^-ol RGB ^i^^^i ^^'g^ RGB_L(ij)« Dje) t)]a}-^ M* o)^-§>^ XYZ 4 

STlls] <^A|xYZ(ij)5. S9«-^4(120 <a-7fl). 

^^■^ 2 
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cj-g-. 3^ £ol <83-XYZ(ij)°ll cfltV <33" $£ XYZ_A# 7)1^4(130 #31). 

^t*3 3 



^tq-3 4S |. ^-o) <gAj- sg-^gj; XYZ_A°fl ^33 k-S- 3-*fl>g-^- ^ *1 (self- luminous threshold) -g- 313; 

tb^(140 #31). <*i?}*\, 3^ k¥: tflef 3.0 ^^SJt^-S. ^3 £.3. 34. 



^«r3 4 

X_rA=*XA'_/4 

r_ih=kxr_A 

Z ih-kxZ A 



^-§r, <8<tt- XYZ(ij)<Hl3 X|-«0«* 2:*r*H=- SMi** *fl3 ?h4(150 #31). 

=L °]&o\] ^t^JL Wit* €"3*l*r Hl5L*V^( 160 #31), H SMSM (H| 7 r 3~gr ^32) 

ShSU} s?! iSj-*].^ ^l-o] aflTl^l XYZ(ij)°fl cfl*}<^ 130 #31 vfl3 150 #313 ^* #3- 

160 #3H13 ZL ^©lsltol o°)l 7 r 3~£- ^32] gj-j^cj. 30.13, 130 #31 vfl*] 150 #3)S) :33* ^*g# 
<H3 ^If^t! ^tf^-irXYZ.fS. Jf-JL, 2^21 XYZ3.3 ^33-JI. ^z. 7)1^] ol-g-tVcf. 

4=«M 5 

xj 



xj+yj+zj 



IUu_y Y _JL_ 



X J+YJ+ZJ 



t^3 5°fl 331 <£o]Q Ill u _ x ,Illu_y# «fl ^ 3#(scene)3 2:3 q^g. ^^^cf(170 #31). 

§>ole1-olE (high n gnt ) « ol^-t.V 2:3^ 3#*# , ?1£- <£$® &#°-3.^Z\ #3-=l*r U-fr £3 ^Al-( sur f aC e r 
eflection)3- -§-*ll #Aj.( body reflection) 3 S3. 7}^}SL, X# ^}S] -g-3- ^3 (spectral composition) £- 

2^33 £3- ^33- -S-^^l-trJi 333-fe Shafer3 333 #<3 3. « (dichromatic reflection modelH 7]2,^. ^ 
■at!- &#3 cf^. 33 Ajj £ ^ S CIE(x,y)*r ^££«fl3 £^1UH 3*11133^ 2:333 -§"*11 3*11 13 

3£r -g-Sll^-fr 313^ 33 ^-o)) ¥331 «3". 33^fr X3 #Af 3-g-°l -g-afl uVAf «.o) Ajj SS|-£( sa tura 

tion)# ^3W?li=. $]v\z;}xq t ^Ajj _o (chrometrically) **at!r a^^l ^-&-8- S^^j^l 
cfl«H * 0 J6}- ^3r3i: 71-3 3^S. ^3]^ Sicl-. ole^V 31-2] S^Ajj £ o)l « 0 U^o.s. 3*J=°) 

Sl^r ^1^1* ^^^c]-. if- 7]]21 ^S. Cf-E- ^ 1>AV S.^^. 7 >^1 a ^ol ^3^, ^. 71)2] 3Aj o. 0.^^] ^q-2] 3 

3* 13SVH, o| in 30] s^Ajjs.s. ^3^. 

°J^^3" RGB(ij)°lH eVolel-oJe 3«tl-cf(200, 210 #31). ^^71^^ 63} ^-o] gfl^ ^21 

gi v 7l (intensity) 7V 3^1 H"7l ^2] 3-^«fl7> Hli^. 3^-cf. ^7}o\]*) 2.7S. 3«l-^^o.>-r. ^ 

23€ 3<>1 °VM3- ^^^321 ^3°fl 143. -R-^301 sto) ^. ^ ^cr. 
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6 

7(iV)=0.3X/?(/ l /)+0.6XG(/ 1 /-)+0.1 xB(iX 

1 JtQtl oil 

/_rt=2.7x/ /I 



^±L<§<3H1 cfltb ^.^(line parameter)**] 7)^7)^ 2^-1- 7)1^^(220 <&7fl). 7|#Sl 3)^ 



tfl^^Sl S.* XYZ(ij)# 2^2+ ^fl-^-sfo] -^S^-iE xy(ij)» ^l^?Vcf. «8"&J4Mfe ^S.^R xy(i, 

^l^iL*] Y(ij)-g- ^V-g-^cf. xy(ij) -Y(ij) Y(ij)» 7l§6.S. _2.«-xr<£ ^ff ^fccf. 7\*& 

•H-^-S- -¥--§- ol^^ (moving window average) &-§: ^1^^. °Jt^AS. cflAj-<g«o)l 
tt S}-4i^7> 10071] « #Jj*rS.3., ^-21 H7l^r «|= 20 sample ^^i}. ^£2rS.2l £-3L <SMH & v 7l«iSM 

^£^3^-21 ^*Kr 3°1 ^g>cl-. ^, 3)^^*J: 0 1 7^ ^^.g. 4 _ 57fl ^ H ^#*H °1« 

s. ^ sflcF. s. 3-^ 7i^ » 0 v^<hi sitb ^^i- xitb^ ^ ^# u-'a-i- ^s. 



2-€- *Jg.<gq«<H| cfl?}- 3^(set)-g- <>l-8-*M. n ^1^1-21 S^-i- 7fl^VS}o] c(x.y)S §4(230 <&7fl). o] 

^Tfl ^ H^t-21 ^ofl rfl*H 7>JS- cfli^ol oj^ s^* ^1^^(240 #31). 

^nfl. cfli^ol e>j- jji^* ^.§1.^ 7l#2) tg-^-g. ^-g- JL (histogram)* <>l-g-SVfe 5Jolc).. n^cfl, o] » 0 V^o)) 

S^r-a, ia^l-21 ^>S. ^<a5.7> ^ 7$^-, Sfl^ Ml (bin)* "I!-?- ^7)1 M-ipoM ^e|«1-7l7> «H^- -H^cl". tt}-Er 



vV 7B21 5L^* x 2l-y2l 7112] 7^1 f2S Slower, jn.^ ^^-(set)oll tflSH xSM- 7l^o.S. s> 

^ 3j*i* ^^tbcl-. xSi-i- vV 7H21 *i}-o.s. -S-^s}^ o^a)?]^, y $ 7,}^)^ e\u)7} 

Sicr. °)^4 S-ol sVa, *r^v* 3*> ^°fl 7V^ X 2J ^^-(set)^ <a<H^cf. olnfl, 3 s> ^ovofl cq*] 

7V^- ^^°1 cflfi^* 7V^1^ ^TVolcf. ^- ^-^011^1^ 3^1-21 xSr&St-lr-l: 3^> % (f.tting) A)?] 

^, ZL 3*1- tt^S] Vi^-^21 xSt-g- cflX-^ol ^ xSJt^-S. <d^«Cr. ^-o] Aj<=M£ cfli-^o) ^fe x^* ^4] 

^2) i^^2l ^#1-* i^-SRr x2] ^7_V* ^^^^1-. o^Tfl x 2j ^-Tj- iflofl ^7fl«|-^ y gH tfl«r<^ x 

SJt°fl tfltb 'S-^sl- ff'a 3*1- ^ ^"(fitting) ^1^ cfliE^ol 01^ ytf-fr ^^-cf. -^-7l?|- 

5L7> Aj-^jrl #3l^o^ ^-fofl *^-S-i2] ^EflS ^el^Vfe ^-2-^.4 jL3r^«>H*1. *^££2l & ( b 

in) =L7H 4= ^§-^11- *fl^^- ^ SUCr. ^-71?!- « 0 ^<HlAi, cfls^ ^^a) 3 ^> ^^^* ^ej^- ^ 

E SiJL, «fl^ ^^^1 ^*£°\) 7}% 51^* Alaj^- ^£ o^cf. 



T 1 ^ cfllE^ (x,y)» ^^21 ^ES.Ai #3t!-cf(250 ^^1). 

^ ^-^-i 21^- 9J^l^^r *V°lHl-^B-i- °]-%-® Sl^^S. ^ <g"^* °j2l ^ef^^ o. S «. E ^ ^^S}-^- 

N °l-§-5l D l, ^l^l^^ Sl-olEl-olE^. ^^-SVo^ o.s.a-1, o]a1^-^I o.S.^-Ei 4-^5)^ 9j-^^<y 
71^1-0.5. Sri, §l-o)Bl-olS2) S-a^a. ji^sj-ol ^^£1- ^a)?J "Jvilolcr. 
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^-f. 7flSf^°l flflS) »)2|# ^<5>^ ol^o) Ji^-Slu)., ^S^o) #^ofl^fe vfl.g. 

(content)ofl 2]^*)°] 3#°1 &%o] ojcf. S>ole^olB « 0 Va) o. ojg, ^.g.^ 0)^30]^ ^o.^, H) 

^-S- ^^^9J ^o] ajf-^oj sflo) 7 flsfai«y «g2|« ^jSRr ^7l^Efl 

^ >Hi-f 3°j «a* «3*h=- «-«as] ^€ ^fl^oic)-. 

£ 4°1] Sl*H3, -g- ««gofl 2)$ °J*1#^4 o)-g-*J 2^5= ^ =8-^131 °J^AHlfe ^Aj-ojej « (40) 

*V<>lBl-olH 2t-¥-(41). «1-ol^olE ^ 7flA]-?-(42), "J]*]^ S^Ajj^ ^^^-(43) ^ =7^ ^51 7)1^." (44)^ 3. 

^^^^■¥■(40)^ <£#q°l «a-S-a- ^SRr ^AtF 3 + S 1«1 110 #3)21 y iL^V 7l%- g RGB -X 

yz *i|3*a 7i%-g- ?nit ^ satj.. 

S>o1^o}e ^#^-(41)^ <y?j€ ^4 <^Aj.o.^«. E ^ SH^WS. <go3s..g. £ 22) 210 #7)H cfl-g-*Hr 7l 

*M«!Hm 7 )]aJ.h.(4 2 )^ *|-ol^o]E ^#-^(41)^1 Sl«fl S>olel-ole tgqg. AjjH a^ofl 3=.<gg).o} a)) 

£ 43. £iS}4r S."&<H1 tB« 7l*>«?-^ a^^-Mr-i- 7fl<+t!-4. #r 4^*!$: °J^a) oflo)) a-) 7]«|.«|-a) 

'd'rfe zjAj^^o] 7l-§-7l24 alDl^, SM^o|e 7^1^(42)4- £ 22] 220 cfl-g-SHr 7l^-§- =^ 

<8#4. 



^Ajji 7)1^4(44)^ ZjAj^^S- ^ Ol^l^ i^Ajji ^ «. (43) ofl 2l8fl Ajj £(pXipy ) ^^Ofl O,^) 

?V 3 ^^s.^. AH^sVJl, aHeM^J 3 ^lAls-o) ja^-i-^- ^lAVel-^ <?1^^-^ ^^-^(43)°11 2)811 4-^^ 2:^ ^ 

£(px,py)oll 7}% 7>7>-£- JH^* ^5.3.*\ ^^^4. ^ ^^oflAi 3)^0] 37flofln> §_V^ S) ^ 

oj.qo.5., & ^-^21 ^ ^aH]o) ^^aj) £ 7]lAj-Jj!-(44)i=- 37II2I z\^o) ofulel- 47fl 3E^ 57l)2l ajAj^. Ajej^- 
*rS. Stl-i- ^^14. afV, ^ ^-^21 "a^AHHlAife AHSj^ 3 3)Als.ol ^Ap],5]-i. jst^s. ^oflA^ 2Hg A^ £(pX(Py )oll 7V 
^ 7>^5- a^^- 2^ a^ £5 .a^ ^^sVi ^HH^lb 3 al^s-ol ^a^V^ a ^ 1-2| ^^oll Slsfl 

°121- 3-^-?!- r.}^ aj-A]^. A>-g-s^ -H- ^2] ^^o)l S^cl-JL ^ ^0^. 



tl^l^^ a^AjjJE ^^-¥-(43)^ 711 ^ (43a), ^1^ (435), 7.}^)^ XI>l-¥- 

(43c), TsVsfl^ §-^Al ^-^^-(43d) S 7llA}-«.(43e)«- ^^1^. 

7)lAVY(43a)^ ^^°d^-¥-(40)S-¥-El «a^€ ^"Bl- aMtf* ^^^1 *t-¥-(43d) 

S.-?-^ *W <mo) ^-e} ^^«ioV ^ TiRVsH, i 121 130 ^7fl2| 71^] cfl 

^-^^1 lll^-?- (43b) t- ^ ^^"21 flsaol i^2l 71)^1- ^-t}^ ^-Ej^lS *WHrr £ 12) 14 

0 <27jHl cfl-g-sVfe 7)^-^- ^fl^. 

^>a!1^ All 71-?- (4 3c) ^ <%<%<$*\ -S-ei*l» 2:4^ a^ £ ^Kik-i: 7}x]±= ^MW* ^^2) 
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£3*1 £3 ^^-¥-(43d)^r ^1 £-3*12}- ^ofi §-<M*l2l *M&°] (H 7}V\3: ^ 

21 Stir* a^l <$^o) z}^ <?f #.a. <?)# ^av« (433)0)1 W 0<H1 7>?l-£ 

±^3\ ShfiLc} ^o.^, *|-*| W £-3*1 ^t^-(43d)^ =L *H1 <g^o] *|]7l3 <g#g. 

*l4H?-(43eH ^'g-^cl-. 

7l]#-?-(43e)^ ^^^l £8f ^2] ig-g-^o. 3.-*f El o]*| ^VAjofl 2 ig ^.g. ^ 

f'^l O.S. Til^SM, 51 IS] 170 ^|2}- cfl-g-SV^ 71^-^- 

5L*1 S'S^cf. ol«4|. ^^21 71^ #7]$= 6^ TD^cl-. 

4 SHeWs. <3<3-§- ^£ <qs. #°)H £JH| ^£ ^si-21 ^-g- M-Ei-Mi^ 



<fl*l. ^^-o.S.-^El Z>e} <g^2l Jg^a* 334 £<>1 ^1^^. ^^1 421- ^-ol TflAj.^ §ej. 

21 ^SMI i^2l 7fl^» 7^1 ^ -a^^rCj.. Cf-g., Z^ ^^oflA-l #71 £3*1* 2:5q-S> 

^ ^ 7Mfe 7.^1^ ^7h*vji, 7M1 ^i^«fl ^€ ^wtt ^*i2i 

41^21 sJtJi=f 4* °fl^l ^71 <y^^i Z^El- <%^-i ^ <^^ol ajTl-a ^el- <§#o.s. ^^sfol ^-e> <§#fil « 

«S ^fl-ti- 7V^1 ^^^121- aj^ofl ^1^ -g-ei^sl sMaol ±%2\ a^-ci- aj-o. 

7V^1^ <§^ol ^171^ ^-El- <g#Sj 3g^aAS-¥-E| °]*1 ^ « 0 V^o)l sl^ ^flj.^ 521- ^o] TflAV?!: 

4. 



^€ 37fl21 Zj^l^-Ol ^SHr Jj7^» ^ ol^l H^of) 21^- 3:^ ^ £o fl 7 ># 7\V\£ ZL%-8r ^ ^ *S.S. % 

37B21 ziAl^: ^d^*m SVM-21 cflofl -i-al-^S., c|-3 ^Al^oflA^ 4711 SE^= 5?fl2l zj^^- Aj^ 
SVfe 7 i£ 7V^^- ^olcf. SE?V, ««8S1 <a^AHlo)lAi^ Ajej^l 3 zjAls-ol ^a^sI-^ jji^s. oIt,] ^ aj-^ 

oil 21^- 2:^ ^£ofl 7l-# 7K>^- JH^-g- ^ES-M ^^*>i Sl^M", ^H1^c 3 ^^#0] <S^*> 

^s^l-fil o,^ ^jjj^TlM-, «>l^5*«tHt »o v ^^-av^v^ 3E£- ^21 <§«<H1 i^ci-ji ^ 3joicK 



oisHl^i^ ^ ^^^1 21^- <y*l#3>2l. sl-oiei-oiEoi 2-^- ^ai^. 01^1^-^^- « 0 vai * s>oiel-oiE^. O)^.^. MJ- 

fi« ^V-g-sV^ «l2?l-cf. #71 si- 21 *H ^ A^-i- s% 7 \i$- cfloieii- s. 1011 q-Ei-msici-. j|7V 

« 21«- ^j^Tll Slfe 2:^ ^^-^ cfl^^j^S. S-^f- S«-Al ? l^ ^11-1-^ HRZ(H 

orizon), INC (Incandescent), CLW(Coo) White), D50 (Daylight 5000K). D60 (Daylight 6000K), D65(Dayligh 

t 6500K) ^ D75(Daylight 7500K)<H| tflsVo) z^zj- 4f.<a?V ^-2:21 #*fl ^^-i: #<^?.V <?j#.g- oj ^ o. s Af-g-Sl-^cl-. 
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Wtf&Wi gjg Booth : Kodak DCS - 420) 





7]lr_x 










±*HJ i 


HRZ 


0.5030 


0.4120 


0.4634 


0.3722 


0.0561 


12.325 


INC 


0.4590 


0.4110 


0.4435 


0.4048 


0.0167 


3.665 


CLW 


0.3790 


0.3910 


0.3868 


0.3982 


0.0106 


2.330 


D50 


0.3520 


0.3680 


0.3576 


0.3702 


0.0060 


1.321 


D65 


0.3170 


0.3450 


0.3238 | 


0.3535 


0.0109 


2.390 | 


D75 


0.3020 


0.3320 


0.3087 


0.3473 


0.0167 


3.667 


3* £*r 


4.283 | 



* Error = dif_x/0.456*100 [] 
(0.456 : 6500K ^3.7]) 



|-g-*}- a^g. ^#"0^(41^^ #31 Booth : Kodak DCS -420) 





7]§_x 








^_xy 




HRZ 


0.5030 


0.4120 


0.5344 


0.3757 


0.0480 


10.5367 


INC 


0.4590 


0.4110 


0.5117 


0.4058 


0.0530 


11.6254 


CLW 


0.3790 


0.3910 


0.3969 


0.4003 


0.0202 


4.4283 


D50 


0.3520 


0.3680 


0.3662 


0.3568 


0.0181 


3.9703 


D65 


0.3170 


0.3450 


0.3237 


0.3388 


0.0091 


2.0040 


D75 


0.3020 


0.3320 


0.3135 


0.3347 


0.0118 


2.5933 




5.8597 [ 


* Error = dif_x/0.456*100 [] 












(0.456 : 6500K ^3.7]) 
















HI ^*a«*-ft|(-a«-aa|-¥- #<8 : Kodak DCS 


-420) 










Mjc 








HRZ 


0.5030 


0.4120 


0.4989 


0.3620 


0.0482 


10.5758 


INC 


0.4590 


0.4110 


0.4380 


0.3880 


0.0311 


6.8372 J 


CLW 


0.3790 


0.3910 


0.3993 


0.4081 


0.0265 


5.8269 


D50 


0.3520 


0.3680 


0.3634 


0.3763 | 


0.0141 


3.0957 


D65 


0.3170 


0.3450 


0.3283 


0.3526 


0.0136 


2.9896 


D75 


0.3020 


0.3320 


0.3022 


0.3542 


0.0222 


4.8738 




5.6998 



* Error = dif_x/0.456* 100 [] 
(0.456 : 6500K ^3.7]) 
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Stl-^C^^^- g<3 : Kodak DC -260) Q 









H 


F 


D 


ALL 


H 


F 


D 


ALL 


4\=L* 


5.79 


6.01 


6.72 


6.18 


5.91 


6.01 


6.61 


6.18 




4.84 


5.93 


9.27 


8.69 


5.66 


8.24 


9.46 


9.07 




5.00 


7.29 


7.60 


7.32 


5.00 


9.57 


7.35 


9.06 


m a} 


7.40 


7.98 



(^^-t- : Kodak DC - 260) (T:^£-.£) 





°J*1 tf*][K] 


*t#*l[K] 


H 


F 


D 


ALL 


H 


F 


D 


ALL 




194 


286 


730 


403 


146 


287 


717 


384 




142 


315 


1068 


943 


139 


490 


1071 


957 


^]3^f 


175 


402 


866 


493 


175 


523 


843 


583 


#4 m 


647 


626 



14^E 5»1H Htt Halogen*, F-rr Fluorescent* Dtt Daylight* H-E}-\fii=r. S.?h ^1 ^ (scene) 21 



2*3 2] «-g-*Rr U-^oflfe S'g^S.* ol-g-Sr^ ji^-g 7]^^ a}-^ * gflig- cg^Vo] ^Ajj 

£.* ^3«--2~5L*| 45.* 3^51 ^3-§- #7fl «rfe ^ f-o) ^cf. 

o.^ Ajj £ ^h-sljl a-7i j9m* -s^sHr ^ i-°i sax*. ^7].fi) <qa« «s3*rfe 

S^21 ^£.^1 (x,y)& 2^ ^E *3$--g- ^ 51°.^. #1^1 "Jj^ 2^ (white balance) 2] JlsJ- <$-g- 

£* ^ 50.71 nfl-S-ofl, ol^^V 0.5. aJ] £ ^^ ? i ^Aj-o] Ajj^-i^ ^*|12} O.S. -^r'SiSi-g: 3 #-§- J^Cr. 

£ 5<H] 2\is}#, & t^l <d^?)-*l2l ^l ^aHI^ ^ 7)1^(50). 7^-?- (51), >S«-7fl 

^ 31^(52) 9? ^^^£ ^^-¥-(53)* i^-t!-^. 

2^ ^-s-sl 7ii^(50)^ <a2i2i ^ <^^ofl tn^. ^^^j a^i tn^-sj.^. Ajj 7)1^^. 

tf*l-^*l t11a>«.(5i)^ 2tg A)j^. £ 7fl^(50)°fl S|«fl cfl-g-^Vfe cl-^21 ^3 7l§ ^El-gH- « ^ 

%*yjix\ *>fe ^-a ^*£o)l cfl^-s}-^ r\^s\ s-s. 7l§ ^e^s)t«# Tfl^t!-^. °l»fl. cl-^sl s-s 7l§ Sel-gtl: cf 
•t-SI 7l§ ^-Bl-Silr-a- D ^«11S ^el- ^171 (Macbeth Color CheckenMCC) 2] 247flSl nfl *1 (patch) <^ 
** XYZ &°Jol uf^zlsl-Cr. 

^l^r 7^1^(52)^ cf^sl ^ 71 § ^-el-^-i- « ^9] ^S. 7]& °]-%-*\°\ Tfl^-f-* TiKiSV 

U-3 21 ^2 -gAHfe U-71 ^«-?-(54)* c) 
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££-¥-(54)^ S^sl -aj£7> £3€ %Q <$^2] 3! #7]& ?j «£€-*|-al*V *>fe «-^°fl cfl-§-^ a] = e ^ 
H.^ (shift offset)* ^-71 ^E}- <3#2l RGB°1] ^ C-Jsl-JL, aj. 7 | <y§j ^S)- <3^2l cflu)# Sr^Vcf. 

2:^ ^JES-f 3 ojo^o^ Ajj^g.^ <£%o) 65Q0KS. <Uj2:« 41, I>7l 2M- ^7>5. •S^&o.S.*!, 

^3*-g- 3fr ^(Direct ^ Current: DC) 7]- 2]- -§-;*} « (dynamic range) 21 ^7Vofl Slsfl oj^-ol^lcj- 

#7Hr RGB zj- H^-tH 1 * C|*M ^o. 3.4*1. ^Sfl^o] ¥i v 7l ft* ^7>Al?lfe. ^o]^, -f-aj <g°l( 
dynamic range)2] #7>^ tfl «1 (contrast) ^ ^7\% °1 ¥ 7}*) SL±.M: ^Q*) ^Sr'S. 2J <%^o] o r 

*1 «S# *HM 31-2.3. Jio]^ a^rl- *r 5Ucf. 

olnfl, ^«-SVJ17> §fir «:^o)l cfl-g-^V 5. = ^ R> cflu]^ <g 7 l 2] # 7))a>a1 o. ^« ^ 5*4. o)S> 

6^°]^, 35#2] <3*M: *r-§-^ 2]«fl tUaJ-^s.^. oflAl^Cr. 

H7l ^ ^(intensity shift) «H*\ qj^ RGBS. ^ 7)]^ ^j-g- H 7 1 ( I_avg=0.3*R+0.6*G-t-0. 1*B) 2)- A l 

- Utf 

shift offset = -0.26042*I_avg+50.3125 

- ^°<f 

shift offset = -0.2083*I_avg+ 11.25 

cf-S-, cfl (contrast adjustment) tt 4-5"^ ^^^^r. 

- U# 

10«HH 7}^ Qo) tJ-^ig. 

- *\<$ 

7121 cflolE^7> 0 ^ SJ-*fr 2\u] 7 } &-§- 

<a« «^r« <8<a-«n cfl^is <y# ^fl. jlsj.* oi-a- ^ sasa^r. 



5-a>3}- a^s) ^ais <a*si 3-9- ^-¥- 'S'SW cfl^Ai^. -M-qiiel* ^Efl7> ^-#2isicf. uj-eM. -fr 

A)-^ ^SHlAi «>7l^2l A|£H ^=^}-g. <a^j^. SOS ^§>c^ ^j^-S}-^ 7)-^Sl-l4. ^ A ] a E iS^i |V 7 | 

5a^f. cflulfe ^71) 41^^ 10^517]- o.s ^^cf. 3*1-21 ^^-^ cfl-¥-S-2l ^Aj-ofl cflsH cH*fl-sL «?V^^ < ?] 

^4* ^-§-§V7l7V Q&^JL &7}Zk<q ^^TllAVol &o] ^SlAl^Vol g-o. o] ^ ^ g 

421- ^-oi =^a\& tflAj-oi si^ A>^§si aiz}-^ ^AV( visua i test)2i ^^7> ^-^§1 ^^*V^, 2)-^^ Hsl* 0 ! 

alJl 5.AV7V 3711 iWr^r ^-f-i-S. fH*l£a .£=^-g- 2j^5)-7fl ^l-Al?!^ h q V^o1 ^^^14. 



7f^SV4. 
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ZJ-^ 7)^g- S>^9H^^ ^€ ASIC (Application Specific IC) AS. =r 51-2.^, £?V ^-8- flfi-E| 



BfolH ^^-i- ^5. ^IS. 2*5. ^"°fl £-i*Vfe 5.°<H) 31$ 7]t}^^ Km^^ ^t}^ # 



ZIBIjL. ^-71 °Jxl ^ wj-^ofl 2]*fl 2:^ 4^*Kr ^7} <Ue\& ^ ^^S.^] Z};^ ^Aj-^ lg 

55t* *<4Wfe >S-7l <8>S-S1 ^-£SH1 31*r» 3-61*13. *t^*Rr Aj- 7 1 ^ej- 

<g^0.3-?-El ^71 *^*l» ^3)-^ ^S. 3}-^^* 7Mfe ^tt* ^)171*>^ ^"71 7<V^ 



^ safe d) *i ^ ^ sa^. 

-8-01 ^>fl ^ai^ 4, sa^. 

^ ^-^oll SlSV^, o}?J-o] Al^-2j O.S. °l^|s|-fe ^^-o.S.-?-E^ *HS_ ^M.* 5a^^. T-Wllt^self 

-luminous) 'g^S) ^It^^l -fs^ Jl^^o]^! oV^^j 0.5. 2:^ 3jiL# =r S^cf. 
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ja.^« ?H^*H, <S# *13 a12-s] ^ iC f ^ 5^. 

#^7]tt ^ ^^-t ^ Slcf. 

(57) %'^-2] »afl 

^T 1 * 1. 

°J3*I tte* <3#iisL^Ei s>oiefo]E <3<3i-§- *MeW£. 3#-¥-; 

-#7) A *He+°]H ^^-1- 2j-X<>ti ^<3*H ^S. ^3. #°fl Hslu S-OcH cfl^V 7]€rV«j-^ a^^^rl-* ?I1#S> 
#7l <y^^ ^ <3^ofl cfl*>^ o]x| ^*8-^ofl s)«q 2 ^ <?]*1#€ ^^51 ^ 

-#7] 7i*>^aj ^ #7l ouuhi ^^.oq s]«fl ^ ^ofl <a*i$ i^si 7)zm 

^-^A5L Sfir S<3 4}5E. 

*tii#°)l SU<>1^i, #7] t!*l#« a'S^s. 

>8-7l <a^€ <$^<lsL^b] ^ jg^a* *H#*Hir "3# 31#¥-; 

#7l «8#sl ^SHl i^s] 7)1^1- ^-s}<H 7fs)l ^ €-3*1:5. -a^-¥-; 

#7l 'g^o.^Ei -s-71 *M11HJ- ^<3*1«- s^sHr aj| juat 7V*fll!-# <3«-§- *il7isHr *W11J:# <3 

^ ^171^; 

#71 7>S)1 ^l^ofl X>«H^ ^r^j^Sl *Vols)tol SJtJiCf H?? #7) ^5 /fl-tHfofl °J 

^€ cfl^i! ^fl ^^^l S-e* ^d^*>fe ^«q** *t-¥-; ^ 

7V*11^ ^^O] *))7iJ£l §3f ^^Sl flaftoa^El #71 oljq ^44 «J-^ofl 2^^. ^..g tJI^Vs}^ ^5. 7)1 

fltl- ^'OS 2:^ *A5L ^^#^1. 

<y2]2l oj^ <g^o)] cfl^V AJj^ofl tfl-§-S>^ AJj Tll-y-sV^ 2±*$ Tfl^; 

#71 dl^JE. 7ll#-¥-o)l SlSfl ?11#€ ^*£«>I| cf^rSl ^^j 7l§ ^al-^l" $ ^^*>J17> S>fe ^-grS^l 

Cfl^-*V^ C}^o| 7 1§ ^El-^-i-* 7l]AV§>fe #*>^*1 7)1#¥-; 

#71 Cf^Sl 71^ ^ #71 Cf^oj a. S 7) - ol-g-S>ol 7)1^#* 7J1#*V^ ^!^^- 
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<y§j z}-e}- <%^o\] -#7l q-%-*\<^ Ajj £1 . #7$*}^ s-^l O.S. sVfe 2^ 
^T 1 ^ 4. 

2^2) qsi?} ^3 #ej- sg-g- H-7l5t « ^«r*V^> tfl*«- iS^t 4<&«t<>4 ^ 

7] <y§j ^ <g^-al RGB 0 !) c-^ji, ^-71 zj-e}- ^s] iflHl* i>7) oj ^ o. 

S *H= 2:^ ««#*|. 

«J|«flS. zh2f sil^al 24^ofl tfl^-XYZ 5t 0 d# sj-fe 2:^ aj} E 

6. 

(a) ^ <a#£ °d3sHr #31; 

(b) ^ ^^S^-Ei 5>0|S}0lE CgO^S^. ^7)]; 

(c) ^"71 Zj- Sl-ol5|olE ^ £ ^ojj ^.<^5|.^ ^S. 3^5. -S-ofl £-i*Kr 5L<$°\} cfl^ 71*1-^ S^^^r-l-l- Til 

^*}$= <cMl; 

(d) ^71 <y^^ ^6} ^ofl 01^ ol^l ^ ^^ofl 2j«fl 2^ ^«Rr <a-7fl; ^ 

(e) ^-71 7l*V«j-*j ^ ^"71 (d) #71H*1 +3€ ^ ^£ =^$H1 ^*|$1 i^S] 7l*W*| 

-ft ^SKU, 7l«>^^ £«g<^«-fr ol^-sv^ 2) a ^ TflAVs}-^ #7fl«- i S-^i o. s S ].i=. ^.tg 

Alj£ ^tf'a. 

*fl6*<Hl SfloH.^l (d) <&7fl fe 

(di) ^-7| og^ € ^.gj. ig^.o.s.^.Ej ^ ig^-sift 7fl-a-«te 

(d2) ^71 *M <g#fi] ^^21 7)1^1- T+afl >£# -M^sVfe 

(d3) ^71 ^ •gAj-o.^«. El €-3*1* Ajj £ ^sgjt-fr 7Wfe 7^]^ <g^ft *fl7l*Rr 

(d4> >s-7i 7)-^ -g}-# -g-^*i<4 ^i^chi s§^& *>°isjt°i ^ <y^^ ?t 

El- <g^-ft ^sfl ^ <^«oi ^71^ '<g^o.s. ^>7l (di) ^711 Ml^l -^71 (d3) ^?fl« «i^-*l-^ 

(d5) 7j-^]^ <g^O] ^71^ ^-Sl- <gAj.o] ig^^o. 5 .«. El ^. 7) oJ^| ^J-^ aJ-Ajofl fil^ 2ig TflAVsVfe 

« ^ul^-ft *l-fe 2:^ -sqs. ^^ a o V ^. 
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5d<H*i (b) 

=3^-&-§r *V°?b}o)h ^"^-I-S ^SRr 3}-§: ^S-SLSL qs. 
^t 1 * 9. 

X|6*«>l| SM^i, ^71 ( c ) tfTfl^r 
10. 

*fi9*<Hl SH*!. ^71 (e) #7}}^ 

^7] a]^ «l^»ol ^sHr § ^J-71 (d) #7)HH ^^RV i^s) zl^ll-^- ^ejsf 

^r-l-^r °l-g-*>°i 2^ ^51-1- AWfe SRr 2:^ -a)E ^^'fl. 

11. 

(b) *ZS.<* cfl-g-S}^ cf^Sl ^ 7)& ^S^* 

(d) ^"71 ^ 7)§ «te)-2t« S -y-71 tf^s] aettt*-* °l-8-SW W 3)^1-8- jq-ti-SM *9 

(e> <a^ ^ <a^ofl >y-7i *j-g-*i-^ $3*h^ #3i» i «-«--§- ^.s si-sr qs. 

3^ 12. 
*fll 11H1 Si<H^1, 

(f) 2^2) "4)3 ^ #71 ?ft 93 ««*Ka*> «r^<Hl tfl-g-tf iLH^* Jfl^ol 

^7| §5} «g^J-2l RGB°)1 Z\fl3L, <#7] <$^2\ cflH]# ^SVfe cj7il« ^ i^-fr f^O S S> 

tt ^E ^«r«J-«g. 

13. 

^lll^°i) 5tt«H^. ^71 cf^s] 7l§ ^-a^-St-t ^ ^-71 7l§ 2j-efs*!-£- zfzj- 

^uflH ^B^ ^1^3] 244)0)1 cim XYZ 51:^* ^-^'jOS. 2:^ -^E ^e^^. 
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^T 1 * 14. 

(a) ^e* <3^M- <a^*V^ S.*; 

(b) «8-S-«.SJ?-6| SVol^ols o§9^ -§■■§■ ^#S^ 2.*; 

(c) ^71 zj- ^H^^IH <3^1- -a)H ^-S £-5.sRr S.°<MI cfl«: 7]t;\nq Til 

(d) ^-7i <a^s ^ <^^o)i cflsv^ <y*i **»9-*m a»a ^s.* ^*h=- s.*; si 

(e) -*7l 7l§V^ ^ ^7] (d) 2-l-<HlAi 2:^ -ajS. ^^ofl ^^^V i^j^S) 71©^^ £^<£^-& 
# ^^*>3Z, ^i@l?l 71^2) X^^ir-I- ol-g-sH 2^ ^£1- TH^fe S-f-i- i^-g- s^ci *> fe ^ 

*3 HSa^f 7)^ QlttA Sl-g- ^ S*fe 

3 15. 

14*^1 5fl<H*l. ^71 (d) S--g-g- 
(dl) -S-71 <a^^ ^ ^^o_S.^] §2f <8#2J Jg^Dt-a- 3RVsRr £f; 
(d2) -S-71 ^51- <3-#31 J§«SWI 4i^21 Tfl^l- §*H 7-V*fl ^*}S- ^^Sfe 2.^-; 

(d3) W <$&°.3.^ <#7) *H1»J:# S-<M*l-& ^ *M*hs. s.fh ; 

(d4) <$7] 7}M] Sr^l*} aj^ofl *Hlf># §-3*13 ^MSJH *|-* "fl^l #7l <a^« z> 

^ *H) <g°H € ^ ^71 (dl) JE.* vH^l -#7l (d3) £.1-* ■ g? 

(d5) WHO- ^°1 ^l7l« gi* <8#Sl J85it2.3.->?-el ^7} o]7] *gvS]ofl S)# 2^ *4l-*H= SL-S-* 

16. 

(a) °J£121 <y^ zj-g} ^ ^ qsicq cfl o-sv^ Ajj ^.g. TflAi-sv^ 2.1-; 

(b) Tfl^ ^££.ofl cH-sl ^ 7l§ z}-em-&-§- Tfl^vsl-^ £#: 

(c) ^^*>i7V s>fe Ajj^ofl cfl-g-sHr cf^2| s-s 7l§ 2}- 21- Stir* ^l^te 

(d) -a-71 ^31 7l§ ^Bl-SJtl- * -8-71 nf^sl ^-S 71^ zhej-as-g- ol-g-^H ^ft Tfl^i^- 7fl>L>*V^ « 

£1-; ^ 

(e) ^-5+ ^^-o)l ^-7| ^-8-^ ^^21 ^5L» ^^Sl-fe S.** i«"«-8r ^^l^S. ^ EZ*§ ^5. 

71^ ^^El7> tl-fr t 51^ 7ls.DflSll. 

17. 

^ii6*j-°)i sa^^i, 
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(f) 2i*$2\ >S3€ °J3 ^^"21 AS U jI*!- ^ €-^1 cfl-§-$- 5.=EL>«* »|4>-«W 
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